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Hawthorne leaf flavonoids prevent oxidative stress
injury of renal tissues in rats with diabetic kidney
disease by regulating the p38 MAPK sighaling pathway
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Abstract: Objectives: Diabetic kidney disease (DKD) is the primary microvascular complication of diabetes. The
incidence rate of DKD has increased worldwide, and DKD has become one of the most important causes of end-
stage renal disease. In this study, we aimed to investigate the effects of hawthorn leaf flavonoids (HLF) on oxidative
stress injury of renal tissue in DKD rats, and elucidate their mechanism(s) of action. Methods: A total of 35 male
Sprague Dawley rats were randomly divided into the control group (CON group) and model group. Rats in the model
group were fed a diet containing high sugar and fat and were injected with streptozotocin (STZ) into the abdomi-
nal cavity to induce diabetes. Diabetic rats that showed >50% increase in 24 h urine volume and >30 mg of 24 h
urine protein excretion were selected as DKD model rats. After DKD models were successfully established, model
rats were randomly divided into the diabetic kidney disease group (DKD group), irbesartan group (IRB group), and
hawthorn leaf flavonoids group (HLF group). All rats were sacrificed at 12 weeks (w) after DKD models were estab-
lished. Body weight and 24 h urinary protein levels were measured at 4 w, 8 w, and 12 w, respectively. Blood was
collected to measure the levels of urea nitrogen, creatinine, triglyceride, nitric oxide, malondialdehyde, and super-
oxide dismutase. Pathologic changes in renal tissue were examined by hematoxylin and eosin (H&E) and Masson
staining. Protein expression of p38MAPK and p-p38MAPK was determined by immunohistochemistry. Results: Our
data showed that HLFs improved the general condition and body weight, and reduced the levels of urinary protein in
model rats. Rats in the DKD group had more serious pathological damage in the kidney when compared to rats in
the HLFs group. In addition, rats in the HLF group had significantly lower levels of urea nitrogen, creatinine, triglyc-
eride, and malondialdehyde, and significantly higher levels of nitric oxide and superoxide dismutase than rats in the
DKD group. Furthermore, p38MAPK and p-p38MAPK protein levels were significantly higher in rats in the DKD group
compared to rats in the HLF group. Conclusions: HLFs have a protective effect against DKD in rats. The underlying
mechanism may involve the reduction of oxidative stress by inactivation of the p38MAPK signaling pathway in renal
tissues.
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Introduction

Currently, diabetes mellitus (DM) is one of the
ten leading causes of death and one of the
costliest chronic diseases worldwide [1]. Dia-
betic kidney disease (DKD), one of the most
common and serious vascular complications of
DM, has become a major contributor of end-
stage renal disease (ESRD) [2]. Because tradi-
tional Chinese medicine (TCM) has a unique
advantage in treating DKD, innovative develop-
ment and mechanistic studies of TCM have
become a current hotspot [3, 4]. Hawthorn
(Crataeguspinnatifida), a genus of the Rosaceae

family, is commonly distributed in Asia, Europe,
North and Central America. It is commonly used
as a delicious daily food source, and its leaves
are used for making tea in China. The hawthorn
leaf has been shown to treat various diseases,
such as hyperlipidemia, atherosclerosis, and
dyspepsia [5-7]. To date, various chemical con-
stituents have been identified in the hawthorn
leaf, and these include flavonoids, triterpenoi-
ds, steroids, lignans, organic acids, and nitro-
gen-containing compounds. Among these com-
pounds, flavonoids are the most abundant
chemical components [8]. In recent years, haw-
thorn leaf flavonoids (HLF), a natural flavonoid,
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Table 1. Effect of hawthorn leaf flavonoids on body mass
of rats (X t s, g)

Group n Week 4 Week 8 Week 12

CON 8 345.75+16.23 420.60+15.42 489.90 + 15.51
DKD 8 298.27 +12.57" 275.38 + 11.37" 266.97 + 13.14"
IRB 8 324.74 + 13.29% 344.65 +9.17% 368.86 + 18.27#
HLF 8 321.72+11.94% 348.86 + 7.78% 360.25 + 8.36%

SYXK2013-065). STZ (Streptozotocin)
were purchased from Sigma-Aldrich
Chemical Company (St. Louis, MO,
USA); ABC kit, DAB kit and biotinylated
goat anti-rabbit 1gG were purchased
from Bioss (Beijing, China). Rabbit an-
ti-rat p38MAPK and p-p38MAPK po-

Note: “P<0.01 compared with CON group at each time point; #P<0.05

compared with DKD group at each time point.

Table 2. Effect of hawthorn leaf flavonoids on urine protein

concentration in each group (X £ s, mg/24 h)

lyclonal antibodies were purchased
from Boster (Beijing, China). Irbesartan
was obtained from Hangzhou Sanofi-
Aventis Minsheng Co., Ltd. (Hangzhou,
China). HLF (= 93.5% pure total flavo-
noids extracted from hawthorn leaves)

Group n Week 4 Week 8

were obtained from LinyiAikang Phar-

CON 8 11.58+0.96 13.89 £ 0.82

16.31+ 1.82

maceutical Co., Ltd. (Linyi, China). The
contents of HLF were determined us-

DKD 8 62.25+11.93" 8249+ 14.37" 94.53+13.97"

IRB 8 39.15+ 7.86*
HLF 8 41.09 + 8.37*

43.85 + 8.52*
4418 + 5.17*

47.63 + 9.89*
4712 + 6.45"

ing HPLC and UV-spectrophotometry,
and the compounds were recognized
as quercetin, vitexin-4”-0-glucoside, vi-

Note: “P<0.01 compared with CON group at each time point; #P<0.05

compared with DKD group at each time point.

have received extensive attention both domes-
tically and overseas. In previous studies, it has
been reported that HLF possesses a broad
spectrum of biologic properties, including anti-
inflammatory [9] and antioxidant activities [10],
and amelioration of hepatic steatosis [11] and
anticancer [12]. Moreover, HLFs play a protec-
tive role in streptozotocin (STZ)-induced renal
dysfunction DKD rats [13, 14]. In recent years,
significant progress has been made in under-
standing the lipid-regulating, hypoglycemic,
and anti-cerebral ischemia properties of HLF.
However, the effects and underlying molecular
mechanism of HLF in DKD are rarely reported.
In this study, we treated type 2 DKD rats with
HLF and determined the characteristic changes
in renal function, p38 mitogen activated pro-
tein kinase (p38MAPK) signaling, and oxidative
stress injury. We examined the underlying
mechanism of action of HLF in the improve-
ment of oxidative stress injury of renal tissues
in DKD rats to provide evidence supporting
therapy.

Materials and methods

Experimental animals and main pharmaco-
logic reagents

Clean grade male Sprague Dawley (SD) rats
(160-200 g) (purchased from the experimental
animal center of Southwest Medical University
(Luzhou, China), quality certification number:
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texin-2”-0-rhamnoside, and hyperosi-
de.

Experimental design

Thirty-five male SD rats were acclimatized for 1
week and randomly divided into a normal con-
trol group (CON; n = 8) and model group (n =
27). Rats in the model group were fed a high-
sugar and high-fat diet for 4 weeks, and were
then injected with 40 mg/kg of STZ intraperito-
neally (i.p.). Rats in the CON group were fed a
basic diet and received an i.p. injection of
citrate buffer solution. Rats with blood glucose
level of > 16.7 mmol/L post-injection were
selected as diabetes model rats. Diabetic rats
that showed >50% increase in 24 h urine vol-
ume and >30 mg of 24 h urine protein excretion
were selected as DKD model rats. Twenty-four
successfully constructed DKD rats were ran-
domly divided into a DKD group, HLF group, and
IRB group (n = 8 per group). Rats in the HLF and
IRB groups were intragastrically gavaged with
200 mg/kg HLFs and 17.5 mg/kg IRB, respec-
tively. In addition, rats in the CON and DKD
groups were gavaged with an equal volume of
distilled water. After 12 weeks of treatment,
rats were euthanized and kidneys and blood
were collected. Kidney tissues were fixed in 4%
neutral paraformaldehyde solution, dehydrat-
ed, and embedded in paraffin. Remaining tis-
sues were stored at -80°C for subsequent use.

Observation parameters
General condition: The mental state, water

consumption, fur, body mass, urine, stool, and
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Table 3. Effect of hawthorn leaf flavonoids on BUN, Scr, TG, NO, MDA and SOD levels in rats

(n=8,X £5s)

Group BUN (mmol/L) Scr (umol/L) TG (mmol/L) NO (umol/L) MDA (nmol/mL)  SOD (ug/mL)
CON 6.08UN 48.78UN, S 0.668UN 33.67UN, S 8.757UN 78.57UN, Sc
DKD 11.85UN, S* 78.17UN, S” 2.697UN" 19.82UN, S* 14.68UN" 40.18UN, S*
IRB 8.548UN* 56.08UN, Sc* 1.478UN* 27.08UN, S* 10.78UN* 70.23UN, S*
HLF 10.35UN, S* 62.51UN, S* 1.311UN# 25.23UN, S* 11.13UN?* 67.92UN, S*

Note: “P<0.01 compared with CON group at each time point; #P<0.05 compared with DKD group at each time point.

Figure 1. Hematoxylin/eosin staining of pathomorphologic changes in kid-
ney tissues of experimental rats (200x).

activity of the rats were observed. Body mass
was recorded at 4, 8, and 12 weeks after the
establishment of DKD models.

Quantitation of 24 h urine protein: 24 h urine
was collected from rats at 4, 8, and 12 weeks
after DKD models were established, and urine
protein concentration was determined using
the Coomassie Blue G-250 assay.

Serum biomarkers: Levels of blood urea nitro-
gen (BUN), serum creatinine (Scr), triglyceride
(TG), nitrogen monoxide (NO), malonaldehyde
(MDA), and superoxide dismutase (SOD) were
measured using an automated biochemical
analyzer (Beijing Pulang Medical Equipment
Co., Ltd., China).

3442

Kidney tissue pathomorpholo-
gy: Kidney tissues were dehy-
drated, embedded in paraffin,
and cut into 4 pm-thick sec-
tions for routine H&E and Ma-
sson staining.

Activity of p38MAPK signaling
pathway: The activity of the
p38MAPK signaling pathway
was determined by the expres-
sion levels of p38MAPK and
p-p38MAPK in kidney tissu-
es and immunohistochemist-
ry was performed to compare
the p38MAPK and p-p38MAPK
expression. The Avidin-Biotin-
Complex method was perfor-
med according to the kit in-
structions. Briefly, kidney tis-
sue paraffin sections were de-
waxed and rehydrated for he-
at-induced antigen retrieval.
Subsequently, tissue sections
were blocked with goat serum
(to prevent non-specific anti-
gen binding), incubated with
diluted anti-p38MAPK (1:150)
and anti-p-p38MAPK (1:100) antibodies at 4°C
overnight, incubated with horseradish peroxi-
dase-labeled goat anti-rabbit IgG, and restained
with the avidin-biotin complex and DAB. Next,
tissue sections were dehydrated, cleared, and
sealed with glycerin gelatin. Brownish-yellow
granules were considered a positive signal. The
percentages of positive staining cells in the kid-
ney tissues were determined semi-quantita-
tively using an Image-Pro Plus analysis system.

Statistical analysis

Measured data are ex-pressed as mean = SD
and analyzed by one-way ANOVA. P<0.05 was
considered significant. SPSS 19.0 software
was used in this study.
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Figure 2. Masson staining of pathomorphologic changes in kidney tissues
of different groups (400x).

Results

Effect of HLF on the general condition and
body mass of rats

DKD rats showed increased food and water
consumption and urine volume, decreased ac-
tivity, decreased energy, reduced body weight
and darker fur. However, these findings were
improved in rats in the HLF group. At week 4,
body mass was significantly lower in DKD rats
than in CON rats (P<0.01), but significantly
higher in HLF and IRB rats than in DKD rats
(both P<0.05) (Table 1).

Effect of HLF on 24 h urine protein concentra-
tion of rats

Starting at week 4, the 24 h urine protein con-
centration was significantly higher in rats in the
DKD group compared to rats in the CON group
(P<0.01) and gradually increased over time.
However, the 24 h urine protein concentration
was significantly lower in rats in the HLF and
IRB groups than in rats in the DKD group (both
P<0.05) (Table 2).

3443

Effect of HLF on serum BUN,
Scr, TG, NO, MDA and SOD
levels in rats

Rats in the DKD group had sig-
nificantly elevated serum lev-
els of BUN, Scr, TG, and MDA
and significantly reduced lev-
els of NO and SOD compared
to rats in the CON group (all
P<0.01). In contrast, rats in the
HLF and IRB groups had signifi-
cantly decreased levels of
BUN, Scr, TG, and MDA and sig-
nificantly increased levels of
NO and SOD compared to rats
in the DKD group (all P<0.05)
(Table 3).

Effect of HLF on kidney tissue
pathomorphology

Kidney tissue sections were
examined following H&E and
Masson staining. Whereas the
kidney tissues of rats in the
CON group showed no signi-
ficant abnormalities, those of
DKD rats revealed glomerular mesangial cell
hyperplasia, mesangial expansion, basement
membrane thickening, vacuolar degeneration
of renal tubular epithelial cells, and renal inter-
stitial inflammatory cell infiltration. Pathologic
injury of the kidney tissues was significantly
improved in rats in the HLF groups compared to
rats in the DKD group (Figures 1 and 2).

Effect of HLF on p38MAPK and p-p38MAPK
protein expression in rat kidney tissues

Immunohistochemical staining showed that
p38MPAK and p-p38MAPK protein expression
was significantly upregulated in kidney sections
of rats in the DKD group compared to those of
rats in the CON group (both P<0.05). In con-
trast, p38MPAK and p-p38MAPK protein ex-
pression was significantly downregulated in kid-
ney sections of rats in the HLF and IRB groups
compared to those of rats in the DKD group
(both P<0.05) (Figure 3).

Discussion

As described in various pharmacopoeias, haw-
thorn is one of the oldest pharmaceutical
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Figure 3. Immunochemical analysis of the (A) p38MAPK (B) and p-p38MAPK expression in the kidney of different
groups (200x). Quantitative analysis of (C) p38MAPK and (D) p-p38MAPK expression in the kidney of different
groups. The expression of p38MPAK and p-p38MAPK was significantly higher in the DKD group than in the HLF and

IRB groups.

plants, and both its fruits and leaves have
medicinal value with favorable therapeutic
effects for digestive diseases, lipid metabolic
disorders, cardiovascular diseases, and other
disorders [15-17]. In China, hawthorn has been
used in the clinic for over 2000 years, but a lim-
ited number of studies have examined its phar-
macological mechanisms. Hawthorn leaves
have been reported to contain flavonoids, fla-
vone-C-glycosides, catechins, amines, triter-
pene saponins, and oligomeric procyanidins,
among which, flavonoids are the main bioactive
compounds [18]. The antioxidant properties of
HLF have recently received increasing atten-
tion. By examining the effect of HLF on the lipid
peroxidation level in mice with alcoholic liver
injury, Li et al. [19] found that HLF have potent
free radical scavenging and antioxidant activi-
ties and HLF can increase endogenous antioxi-
dant level, clear free radicals, inhibit free radi-
cal-mediated lipid peroxidation-induced liver

3444

injury, and protect hepatocyte structure and
functions. Su et al. [20] showed that HLF can
reduce oxidative stress injury, inhibit renal cell
apoptosis, lower inflammatory mediator levels,
and protect the kidney tissues of type 2 diabe-
tes rats. In our study, we evaluated changes in
renal function, oxidative stress, and p38MAPK
signaling in DKD rats treated with HLF, and
found that HLF significantly decreased BUN,
Scr, TG and MDA levels, increased SOD activity,
and attenuated pathologic injury of kidney tis-
sues, thereby indicating that HLFs can inhibit
oxidative stress injury of kidney tissue and pro-
tect renal function in type 2 DKD rats.

The pathogenesis of DKD is complex and
involves multiple factors, including genetic fac-
tors, glucose metabolism disorder, hemody-
namic changes, inflammation, and cytokines
[21]. Oxidative stress participates in and pro-
motes DKD development and progression [22].

Int J Clin Exp Pathol 2019;12(9):3440-3446



Hawthorne leaf flavonoids and diabetic kidney disease

In a hyperglycemic environment, various fac-
tors from endothelial cells lead to the overpro-
duction of reactive oxygen species (ROS), which
exceeds the clearance capacity of antioxidants
in the body. Accumulation of ROS induces oxi-
dative stress in renal cells and activates
p38MAPK and other associated signaling path-
ways. Activated p38MAPK can participate in
cellular stress, inflammation, and apoptosis
through multiple pathways and further promote
DKD development and progression [23, 24].
Inhibition of the p38MAPK signaling pathway
can significantly lower the risk of proteinuria in
DKD, decrease the infiltration of macrophages
and T cells, reduce the secretion of inflamma-
tory mediators, and ultimately delay DKD pro-
gression [25, 26]. A previous study demonstrat-
ed that hyperglycemia and metabolic disorder
during DKD induces oxidative stress in the
body, and oxidative stress-induced p38MAPK
activation in turn leads to cysteine aspartic pro-
tease-3 activation and cell apoptosis [27]. In
this study, we showed that p-p38MAPK protein
expression was upregulated in kidney tissue of
DKD rats but was downregulated upon HLF
intervention. Together, these findings demon-
strate that HLF can regulate p38MAPK signal-
ing in kidney tissue of DKD rats.

In summary, HLF can reduce renal damage and
improve renal function in DKD rats. The remark-
able renal protective and disease-delaying
effects of HLF may be mediated through the
regulation of p38MAPK signaling and attenua-
tion of oxidative stress injury.
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